C-type cytochromes are present in a wide range of bacteria. Several have been purified and some amino-acid sequences determined. Their relationships to cytochromes from higher organisms will be discussed as will sequence variation of cytochromes between closely related bacterial strains.
Horses can have as many as four different types of haemoglobin, due to aminoacid substitution in the cc chains of tyrosine for phenylalanine at cc24 and glutamine for lysine at aGO. The inheritance of the cc24 tyrosine and cc24 phenylalanine loci in the cc chains with aGO glutamine and cc60 lysine have been studied and evidence obtained which suggests that cc chain production is controlled by two linked nonallelic genes. This tandem repeat of cc chain genes can exist in at least three forms: one with tyrosine at cc24 and glutamine at cc60; the second with tyrosine at cc24 and both glutamine and lysine at aGO; and the third with phenylalanine at cc24-and both glutamine and lysine at cc€O. The situation in horses has been compared with that found in other Equidae and evidence will be presented which suggests that duplication of cc chain genes has occurred independently on a number of occasions. and myoglobin has been calculated from paleontological evidence. Comparison of the three kangaroo amino-acid sequences with those of eutherian mammals and applying the calculated average rates of evolution has given a calculated time since marsupial/eutherian divergence for each polypeptide chain. The times obtained are: 111 million years for myoglobin, 139 million years for haemoglobin a chain, and 137 million years for haemoglobin chain. These values are in agreement with the paleontological evidence.
MIMICKED PROTEIN EVOLUTION M. J. SACKIN Medical Research Council, Microbial Systematics Unit, University of Leicester
The object of this study is to find out how much of a protein's past evolution can be reconstructed from knowledge of present-day sequences.
The study was performed on a hypothetical protein sequence 50 amino acids long which had been invented and presented to me by Dr P. H. A. Sneath. I was not told the details of its " actual evolution" from a random peptide 27 amino acids long by means of internal reduplications, amino-acid substitutions, deletions, and insertions. Visual examination and a computer method (Sackin and Merriam, Mathematical Geology 1, 7, 1969) both suggested two reduplications which had been followed by substitutions and deletions or insertions.
It turned out that the actual evolution also involved two reduplications, and the actual ancestral sequence agreed remarkably well with each of the two reconstructed ones as derived from (a) visual examination (b) computer analysis.
It was impossible to (i) reconstruct amino acids that have no unmutated descendents in the present-day sequence, (ii) determine the direction of most or all substitutions, (iii) distinguish between deletions and insertions, and (iv) delimit reduplications exactly. No doubt more information can be extracted from more sequences from the same family of proteins.
The loss of a small fragment from some human autosomes is compatible with extra-uterine life, though this may be very short. All the survivors are mentally retarded, most of them grossly so. In the context of human chromosomes aberration deletions seem to be rare. The commonest of these is 5p-(B group) which can be recognised clinically during the newborn period by the high pitched mewing cry " Cri-du-Chat ". The incidence is about I per 10,000 live births. 4p-(B group), 18r, l8p-, 18q-(B Group) and 2 lq-(G group) deletions are very rare. The majority of these conditions occur in isolation during the preceding meiotic cycle but a small number may result when a parent has a reciprocal translocation.
The characteristics of human deletion syndromes will be discussed, with particular reference to deletions involving E and G group chromosomes. Two patients with a Dq-chromosome are described. One had major somatic anomalies and one had minor somatic anomalies, mental retardation and bilateral retinoblastoma. Data from these cases is compared with that from 11 Dq-and 17 Dr cases in the literature. The association between Dq-and retinoblastoma is noted and it is suggested that the retinoblastoma locus is on the proximal D long arm near the centromere. During the course of a survey of all patients on the mental retardation register for the area served by the North-Eastern Regional Hospital Board, five patients with deletion of a short arm of one B group chromosome were discovered. Of the five, two were sibs, their mother and her sister also carrying the deletion in the form of a balanced exchange. The other chromosome involved in the reciprocal translocation is probably in the C group. One of the patients has subsequently died and the findings at the post mortem examination will be mentioned. The question as to whether chromosome four or five is involved and whether there are separate syndromes which can be distinguished clinically will be discussed in the light of our findings.
SHORT ARM DELETION OF AN X CHROMOSOME (XXp-) AND FERTILITY
S. WALKER
Cytogenetics Unit, Department of Genetics, The University, Liverpool A 24 years old female was referred with infertility, having menstruated normally since the age of 12. Apart from short stature (height 56"), there were no other obvious physical defects. Chromosome investigations of blood and skin show an XXpkaryotype without evidence of mosaicism or translocation.
Fourteen months later the patient gave birth to a daughter by Caesarean Section.
Culture of ovarian tissue confirmed the XXp-chromosome constitution of the gonad. Examination of the blood and cord tissue from the child showed the same cytological aberration. Development at six months appears normal. Blood group studies are being carried out. Fertility with an XXp-genotype is so far unique and will be discussed. During the routine work of a chromosome diagnostic service examples of autosomal variation other than those due to rearrangement are regularly encountered. These variants are transmitted unchanged in Mendelian fashion, and do not appear to be associated with disease or reduced fertility. In most cases the heteromorphism involves sites which take part in nucleolus formation. Some examples will be des-cribed to illustrate the unorthodox behaviour of the chromosome at these sites. The observation of somatic and meiotic pairing between these sites on non-homologous chromosomes supports the hypothesis (Ferguson-Smith, Lancet, i, 1156 , 1967 ) that accidental crossing-over is an important source of chromosomal rearrangement in man.
A NEW GENERATION OF HUMAN CHROMOSOME POLYMORPHISMS
The discovery by Caspersson and his co-workers that quinacrine mustard has a differential affinity for both plant and animal chromosomes has led to a burst of investigation on the human karyotype using the same or related compounds.
Studies currently being carried out have shown that certain chromosomes can consistently be identified in all individuals by their fluorescent pattern along the chromosome, whilst other chromosomes vary in their pattern between individuals.
These latter fluorescent markers may prove to be of value for linkage studies and the former for helping in chromosomal identification.
Chromosome studies of 423 human foetuses spontaneously aborted before 24 weeks of gestation showed 101 abortuses with chromosome anomalies (24%). These include 31 cases (30'6%) with presumptive sex-chromosome missing; 46 (45'6%) with autosomal trisomy; 2 with double autosomal trisomy; 13 (128%) triploids; 4 tetraploids; 5 showing mosaicism; and 3 with presumptive translocation. First trimester abortuses showed a significantly higher incidence of abnormal chromosomes (46%) than those of the second trimester (15%). Mean maternal and paternal ages for the normal abortuses differ significantly from those of the autosomal tnsomics and the 45,X abortuses. Mean gestational age was l1190 days in the chromosomally normal abortuses but considerably lower in the abnormals; it was higher in the 45,X than in the autosomal trisomics and was highest but most variable in the triploids. CHROMOSOME ABNORMALITY AND REPRODUCTIVE WASTAGE
That gross chromosome abnormality should contribute to human spontaneous abortion was to be expected. The magnitude of the contribution, however, seems to be surprisingly high. The principle abnormalities identified have been trisomy, X-monosomy, triploidy and tetraploidy and different investigators have agreed reasonably well on the relative proportion of these types. But they have varied in their estimates of total incidence, one estimate, based on over 500 observations, being as high as 50%. Since it has been contended that the overall incidence of spontaneous abortion is approximately 20%, the implication is that as many as 10% of clinically detectable pregnancies might be associated with gross unbalance of the zygote genome. And when one takes into account early losses of the conceptus before clinical signs of pregnancy have developed (which may include most of the expected class of autosomal monosomics) the total contribution of chromosomal abnormality to zygotic unbalance and reproductive wastage could be even higher still.
Is there any way in which a wholly independent estimate could be obtained?
An alternative approach will be discussed and some preliminary results given. In man both constitutional aneuploidy and intrinsic propensity to chromosomal breakage are associated with an increased risk of malignant disease-particularly leukaemia. Non-disjunctional errors in somatic tissues are a feature of ageing and premalignancy. Structural or numerical karyotypic abnormalities are commonly found in malignant tumours, but are by no means inevitable; for example, in acute leukaemia arising de novo detectable abnormalities are present in only 50% of cases. There is evidence that tumours of the same histological site may show common patterns in the chromosomal rearrangements and sometimes have marker chromosomes of similar morphology. Deletions of particular chromosomes are associated with certain malignant conditions. They may be common to a recognised clinical entity, like the Ph1 chromosome in chronic myeloid leukaemia, or they may occur in a minority of cases of related tumours, as does a deleted number 18 chromosome in lympho-reticular neoplasms.
MEIOTIC STUDIES IN SUBFERTILE MALES ANN C. CHANDLEY Medical Research Council Clinical and Population Cyto genetics Unit, Western General Hospital, Edinburgh
Testicular preparations from 100 men attending a subfertility clinic have been examined for meiotic irregularities including chromosome abnormalities. A descrip-tion of the various types of abnormality and their behaviour at meiosis will be given.
BEHAVIOUR OF CHROMOSOME 9 THROUGHOUT HUMAN MALE MEIOSIS BRENDA N. PAGE Deportment of Genetics, University of Glasgow It will be shown that chromosome 9 can be identified throughout male meiosis owing to the anomalous behaviour of the paracentric secondary constriction region.
Polymorphism of this region is common, and meiotic studies will be described in two cases with heteromorphic constriction regions.
MALE INFERTILITY IN A FAMILY WITH AN AUTOSOME TRANSLOCATION KARIN E. BUCKTON Medical Research Council Clinical and Population Cytogenetics Unit, Western General Hospital, Edinburgh
The pedigree of a family with a translocation between a C and a G group chromosome, ascertained through a mentally defective child with the unbalanced form of the translocation will be presented.
Meiosis on one of the males and the male infertility in this family will be discussed. The possibility of distinguishing pair 19 from 20, using autoradiographic data as well as DNA and linear measurements, will be discussed.
IDENTIFICATION OF THE F GROUP CHROMOSOMES

IDENTIFICATION OF D GROUP CHROMOSOMES INVOLVED IN CHROMOSOMAL REARRANGEMENTS PATRICIA M. ELLIS and M. A. FERGUSON-SMITH Department of Genetics, University of Glasgow
The value of autoradiographic techniques in distinguishing between chromosomes 13, 14 and 15 can be assessed from cases in which one member of the group is involved in a rearrangement. Investigation of a number of different rearrangements by the terminal labelling technique has confirmed the reliability of the method and has shown that each member of Group D has taken part in at least one rearrangement. Interpretation of the significance of chromosomal abnormalities in a selected group of patients depends on a knowledge of the frequency of the chromosomal abnormalities in a suitable control population.
Chromosomes of 85 males have been analysed using the direct marrow technique.
They range in age from 18 to 79 years. 43 were studied for various hematological problems other than leukemia and polycythemia vera. The remaining 42 individuals were studied for a variety of non-hernatological reasons. A minimum of 30 mitotic cells were counted; the majority of cells with 45 chromosomes were analysed in detail to determine the identity of the missing chromosome. Cells lacking a small acrocentric chromosome were examined using quinacrine fluorescence to score for the Y chromosome. Three males were mosaic 45,X/46,XY in a variable percentage of marrow cells. All were 46,XY in cultured peripheral lymphocytes. These males were 55, 61 and 74 years of age and all were found in the group with hemotological abnormalities. The question as to whether these cell lines, lacking a Y chromosome, are merely a reflection of a "normal" ageing process, or whether they bear some relationship to aberrations of bone marrow function, will be discussed.
RNA SYNTHESIS IN ASPERG!LLUS NIDULANS H. N. ARST and C. SCAZZOCCHO Department of Genetics, University of Cambridge
We have developed a method for measuring RNA synthesis in Aspergillus nidulans in viva, using protein synthesis as a measure of growth. The method involves double labelling (3H, 1sc) using pyrimidine-leucine double auxotrophs. Its validity has been confirmed by reversal of the labels. Under our experimental conditions, DNA synthesis does not account for a significant proportion of the labelled pyrimidine incorporation as substantially equivalent results have been obtained using uridine-5--3H and uridine 6-3H. Experiments using triple auxotrophs requiring a pyrimidine, leucine, and another amino-acid (arginine, histidine, methionine, or proline) show that control of RNA synthesis in A. nidulans wild type is stringent during amino-acid starvation. We are now investigating the effect of polyamines on RNA synthesis using pyrimidine-leucine-putrescine triple auxotrophs and quadruple auxotrophs requiring an additional amino-acid as well. Xanthine dehydrogenase in Aspergillus nidulans is an inducible enzyme. Mutants, constitutive for xanthine dehydrogenase activity have been isolated. A class of these mutants (oxp') is also constitutive for urate oxidase formation. A second class of mutants (aplr, previously called allp), mapping at a different locus from the oxpr mutants, is constitutive only for xanthine dehydrogenase. Double diffusion in agar gel was used to compare the identity of the enzymes produced by the wild type and by different constitutive mutants grown under inducing and non-inducing conditions. It was found that while oxpr mutants make an enzyme immunologically identical to wild type, apir mutants make a different enzyme when non-induced and both enzymes when induced. Immunological and genetic evidence indicates that the two enzymes may have a common set of antigenic determinants. It has also been found that nitrate prevents the expression of constitutivity in apir mutants. The effect of nitrate in the growth medium is to eliminate the presence of the constitutive apir enzyme. When an apir mutant grown on nitrate is induced with uric acid, only the wild type enzyme appears to be formed. The relevance of these findings to the mechanism of induction of xanthine dehydrogenase in Aspergillus will be discussed. ing 300 mg PFP/litre, except for isolated cells which survive and form spherical colonies (papillae) above the background growth. About 70% of these papillae seem to be haploid, the rest are aneuploid except for a very low proportion (1 x10 -106) of diploid papillae. The genetic analysis of these papillae has been described elsewhere (Day and Jones, Genet. Res., 14, 195) . The experiments reported here indicate that the papillae are produced after a recessive mutation to PFP resistance has occurred. This mutation confers tolerance to slightly higher levels of PFP but seems to prevent the effect of PFP on the nucleus which causes chromosome losses.
The mechanism of PFP induced haploidisation will be discussed in relation to (i) genetical data indicating that 2 of the marked chromosomes tend to remain disomic in the otherwise haploid papillae (Day and Jones, Genetics, 61, sl 3 (abstract); and in preparation), and (ii) current models of somatic nuclear division in fungi based on the autoradiographic experiments of Rosenberger and Kessel (J. Bact., 96, 1208) which predict that non-sister chromatids may be tied in chains and therefore move as a set during this division. Daunorubicin, an antibiotic of the anthracycline group, forms complexes with DNA in vitro and presumably also in viva. Reports of inhibitory effects on RNA synthesis have implicated interference with DNA transcription while fragmentation of chromosomes and mitotic aberrations have been attributed to effects of the drug on DNA replication.
Strains of S. cerevisiae were tested for inhibition of growth by Daunorubicin on fermentable and non-fermentable medium. Preferential inhibition of cell growth on non-fermentable medium was seen (see Wilkie, 1970, j. Mol. Biol., 47, 107) leading to the conclusion that mitochondrial DNA was more susceptible to drug reactivity than nuclear DNA and reflected differences in base composition and organisation of the two DNA species. Cells grown in the presence of the drug with fermentable substrate had reduced amounts of cytochromes a and b compared with controls indicating an inhibitory effect on protein synthesis within the mitochondrion, but there was no evidence of induction of cytoplasmic respiratory deficiency (petite). This showed that replication of mitochondrial DNA was largely unaffected by the treatment.
Experiments showing inhibition of uptake of '4C-uracil by Daunorubicin into intact cells at very low concentrations of the drug, indicated that mitochondrial inhibition resulted primarily from effects on RNA synthesis in the organelle.
Spontaneous mutants showing resistance to Daunorubicin were used in these studies. Scrapie is a fatal neurological disease of sheep which is vertically transmitted via the ewe and is also infectious under natural conditions. There are many strains of the scrapie agent and some, at least, of these are unusually resistant to chemical and physical abuse.
Techniques have been developed for identifying strains of the agent by passage in mice and for separating some mixtures of agents by using two alleles (s7 and p7) of the gene sinc, which controls the incubation period.
The type of gene action of sine varies over a very wide range for different scrapie agents: this will be described and discussed. We have now examined the esterases, and several other enzymes, in axenically grown stocks from 10 of the 14 syngens of the species-complex, Paramecium aurelia. Each syngen has 4 different types of esterases, which are characterised on the basis of substrate specificity to eserine sulphate. Differences in mobility and/or activity of the A, B or C (cathodal) types occur between different syngens. The A esterases are isozymic and show greater variation between syngens than do the B or C esterases.
With the exception of syngen 2, variants within a syngen are rare.
In the case of malic dehydrogenase and isocitrate dehydrogenase there is a great similarity between syngens.
Two stocks variant for esterases have been analysed genetically. One is stock 299 with a more slowly migrating A esterase isozyme than that usually found in syngen 8. The other is stock 540 with a more rapidly migrating B esterase than that typical of syngen 1. Stock 540 also has an active C cathodal esterase unlike other syngen I stocks. Genetic analysis shows that single genes are involved for each of these differences and that each type of esterase is under separate control.
